Abstract-In this paper we present "Brainmerge a software development process designed according to semiotic principles in order to coordinate the steps required for the requirements specification, analysis and design of a special kind of intelligent system, which is usually described as Intelligence Augmentation Systems (L4S). lAS represent an extension ofDecision Support Systems (DSS) with the use of AI techniques and usually dynamic decision making processes. Traditional software methodologies are usually inefficient when dealing with IAS, and our methodology aims atfulfilling these shortcomings. To illustrate the methodology we describe a real application in planning the circulation of trains in a single track railroad.
INTRODUCTION
Intelligence Augmentation Systems, a special kind of intelligent systems, which have their genesis in Decision Support Systems [1] , are computational systems performing some sort of intelligent decision making based on the cooperation provided by an ongoing dialogue between a human user and a computer system. The main result is that the final decision making is not provided neither by the human being nor by the computer by themselves, but is an evolutionary offspring of the collaboration of the two of them. This cooperation results in the augmentation of human intelligence by means of a computational processing power applied to specific points in the human thought process which suffer from some sort of flaw or inefficiency. Usually, traditional software development processes (using traditional techniques like "use cases") are not suitable for the construction of such a kind of system, because they do not consider how decision making is achieved, in terms of human thought processes and how a computer system may help in improving the intelligence of such decision making. This is the interesting differential of our proposal. IAS are suitable to be applied in dynamic decision making environments, where an optimization system cannot do the job of finding a solution to the problem without the cooperation of human agents in the loop. The motivation for 2 CFlex Labs Av. Jose Bonifaicio 717 13091-140 Campinas -SP, Brazil developing a process for constructing IAS comes from the fact that it is very difficult to build software systems that have success in being applied to these dynamic environments that represent most real world problems. Intelligence augmentation (IA) [2] arises when some of the cognitive tasks that would be performed by a human being are performed by an artificial system, in order to improve the efficiency and effectiveness of that specific process, leaving the human free to concentrate on other parts of the process and therefore augmenting his intellect. According to [3] In Figure 1 , we show a diagram with all the steps of the methodology. The first step of software engineering is the construction of a domain model. The objective of such task is to represent the main concepts of the problem to be attacked: well understanding the problem without external influences is a priority. This conceptual model will represent the main processes and the context where the system will act, determining the scope and boundaries between the system to be developed and the processes that already exist. In the case of IAS, this approach is necessary but not sufficient. After mapping the operational workflow (a task similar to the construction of a traditional business model), there is a need to represent how decision making is achieved in terms of human thought processes. In Brainmerge, this task is accomplished by drawing a special kind of diagram: the cognitive flow diagram (CFD). The CFD is a special kind of diagram developed to model human cognitive processes in searching for a solution to the problem focused. The objectives are first to understand and model the right sequence of cognitive activities and second to find among the activities represented the ones that may be performed by the IAS. The activities to be realized by a brainware will be marked as points of intelligence augmentation later. The system will work in these points, performing the action and dialoguing with the user to provide the information needed in that point of the process to keep going towards the solution. The CFD takes advantage of semiotic concepts in order to represent the cognitive activities and classify them. A CFD is a representation of the thought flow of a human during the resolution of a problem. The concept of sign as defined by Peirce is central here, as the basic units of thought (knowledge units) in the diagram are Peircean signs. To decide the points of intelligence augmentation where the system will work, the methodology prescribes the construction of a CFD. This diagram is one of the original differentials of Brainmerge. The visual elements of the CFD are alike the ones used in an UML activity diagram, but with a different connotation. In Figure 2 , we detail the main elements in a CFD. According to Peirce's theory, there are three categories on which cognitive tasks can be classified: * Monadic tasks (firstness): aleatory tasks. The generation of the first population of solutions in a GA is a monadic task. A random choice between many alternatives is also put in this set. * Diadic tasks (secondness): deterministic (mechanical) tasks. They consider only present information, without any estimation of future states. These can be efficient decision making processes, but are based on specific rules to be simply followed. The main activity performed by a case based reasoning system or an artificial neural network is diadic. * Triadic tasks (thirdness): tasks in which future state estimation is used, usually based on the formulation of a goal, plan or prediction to be achieved. These are called intelligent tasks (following Peirce). Optimization algorithms such as graph search or tabu search represent triadic processes. When a human choose between many alternatives based on a goal state, he or she is performing a triadic cognitive task. After classifying the cognitive tasks in monadic, diadic and triadic, the points of the cognitive process where intelligence augmentation is needed will be defined. These will be the points where the system being developed will work, exchanging the human cognition processes by the work of a brainware, in a dialogue with the user. This is a design exercise, a very important one in the process of specification of an IAS. Generally, the points of intelligence augmentation are chosen in the regions of the triadic activities. It is possible that more than one point needs to be attacked, what will give rise to multi-core IAS, having more than one brainware being applied. It is also possible that this design process lead us to the conclusion that there exist no point of intelligence augmentation needed, what would mean that there is no need for an IAS in that specific process. The explanation of all the steps of Brainmerge would require more space than is available here. So, we opted to explain the main steps using a case study as an example, given in section 3. A more detailed account of the methodology will be addressed in a future publication. figure 3) . The next step of the methodology is to classify the activities in monadic, diadic or triadic cognitive tasks. They are represented respectively by the letters M, D and T in the diagram in Figure 3 . After classifying the activities, the points of intelligence augmentation are marked. In this case, one big spot was chosen. The idea is to develop a brainware which will be able to perform these task and suggest a solution to these activities that will be confronted and negotiated with the solution provided by the human planners. By doing this, Trains will not only provide a media of representation for all other activities and for the planner to represent his solutions, what corresponds to a way to represent the knowledge units in the CFD, but also perform some of the activities and suggest a solution, augmenting human intellect. As expected, the point was marked around the triadic activities. 
CASE STUDY

